Background: Cigarette smoking is the largest preventable risk factor for morbidity and mortality in developed countries. It negatively affects male reproduction and fertility. Sperm DNA damage is one of the possible incriminating causes of diminishing fertility potential in smokers as there was a strong evidence of a link between oxidative DNA damage and the chronic complications of smoking. This has potential implications for their reproductive health, particularly given the association between sperm DNA damage and infertility, miscarriage in pregnancies fathered by these men, childhood disease. Aim: The aim of this work was to assess the integrity of sperm DNA in infertile smoker patients. Patients and methods: Sperm DNA damage was assessed using flow-cytometry in 30 infertile smoker male patients and 1 5-age matched healthy non-smoker fertile males as a control group. Results: There was an increase in the DNA fragmentation index (DFI) in smokers when compared with controls. There was a significant positive correlation between DFI with the age of patients, smoking index and duration of smoking. A significant positive correlation between DFI and sperm morphology (abnormal forms %) was found. On the other hand, there was a negative correlation between the DFI and other seminal parameters including semen volume (ml), sperm count (millions/ml) and sperm motility (active progressive%, first hour). Conclusion: This study suggested that smoking can cause sperm DNA damage that affects the quality of the ejaculated spermatozoa and their fertility potential and pregnancy outcome.
INTRODUCTION
Over the past two decades, there has been increasing evidence that several environmental toxicants may impair semen quality and thus male fertility in animals as well as in human. Even exposure to episodic seasonal air pollution can have deleterious effects on human sperms [1] . Among different air pollutant, cigarette smoke contains toxic chemicals, mutagenic and carcinogenic compounds, which can adversely affect male fertility too [2] .
Cigarette smoke contains more than 4000 different chemical compounds, such as nicotine, nitrosamine, polycyclic aromatic, hydrocarbons, cadmium and carbon monoxide. Some of these substances were found in seminal plasma at concentrations proportional to those in the serum, suggesting their crossing of the blood-testis barrier. Thus, the seminal plasma of smokers can be considered as toxic environment for spermatozoa [3] .
Several studies showed a correlation between the consumption of tobacco and alternation of semen quality [4] . Conventional sperm parameters such as sperm density, motility, viability, morphology and nuclear integrity seem to be concerned [5] . Moreover smoking can be linked to significantly increased levels of seminal reactive oxygen species (ROS). This is why cigarette smoke may induce oxidative alteration in plasma membrane asymmetry and DNA damage in spermatozoa of healthy smokers [6] . It was concluded that smoking is associated with increased sperm DNA damage that may impair the reproductive capability of smokers [7] .
Sperm chromatin/DNA integrity is essential for the accurate transmission of paternal genetic information and normal chromatin structure is important for sperm fertilizing ability. The assessment of sperm DNA quality becomes essential with the increased use of assisted reproductive techniques as IVF and ICSI. Sperm DNA damage may be caused by exposure to gonadotoxins, diabetes mellitus , radiation , chemotherapy protamine deficiency, high level of ROS, abnormal apoptosis and varicocele [8] .
Small DNA damages in sperm are repaired by preand post-replication repair mechanisms, but large DNA damages cannot be repaired. Infertile men may have sperm with normal morphology, but with damaged DNA [9] . This results in pregnancy loss or birth of offsprings with major or minor congenital malformations, severe dysmormphogenesis or may lead to increased predisposition to certain cancer like retinoblastoma. Thus, DNA integrity studies are very important in evaluation of infertile males [10] .
Aim: So the aim of this study was to assess the integrity of sperm DNA in infertile, smoker patients.
PATIENTS AND METHODS
The study was approved by the research ethics committee of the Faculty of Medicine, Tanta University (approval code 30334 /05/ 15), Tanta, Egypt on May/2015. This study was carried out on 30 infertile smoker male patients. They were collected from the Outpatient Clinic of the Dermatology and Venereology Department, Tanta University Hospital. The study included also a control group consisting of 15 age-matched, healthy, fertile, nonsmoker males. The study was explained for both patients and controls. All participants provided signed informed consent before being included in the study.
Patients were asked about the duration of smoking and the number of cigarette per day to calculate smoking index which is defined as the product of number of cigarettes/ day× years of smoking; (mild <200 SI, moderate 200-400 SI and heavy >400 SI) (11) , and the fertility history was also taken. Patients with other causes of sperm DNA damage as diabetes mellitus, leucocytospermia, varicocele, chemotherapy and radiotherapy will be excluded from the study. The controls and patients were subjected to history taking including history of previous treatment. None of the studied patients received any treatment for infertility at the time of the study or during the preceding 6 months. All men were also subjected to genital examination and colour Doppler ultrasound of the spermatic cord to exclude varicocele especially subclinical type.
Laboratory investigations
(1) Routine investigations such as urine analysis, complete blood picture, fasting and postprandial blood sugar, liver function tests and renal function tests (urea and creatinine).
(2) Sperm collection and semen analysis: all samples were collected by masturbation into polypropylene containers after 3-5 days of sexual abstinence. After liquefaction at 371C, conventional semen analysis was carried out according to the guidelines of WHO [12] .
(3) The sperm chromatin structure assay (SCSA) was carried out using the BD FACS Calibur flow cytometer (Becton Dickinson, San Jose, California, USA) [13] . SCSA measures the susceptibility of sperm chromatin to DNA denaturation in situ after low-pH treatment, which potentially induces this DNA denaturation. This assay is an adaptation of the 'two-step acridine orange' (AO) procedure for simultaneous measurements of DNA and RNA content in somatic cells. By this procedure, protamineassociated DNA in sperm is denatured but somatic cell DNA associated with histones is not readily denatured. Red and green fluorescence from 5000 individual sperms per sample is collected through red (630 nm long-pass) and green (515-530 nm bandpass) filters.
An aliquot of the semen sample was diluted to 1-2×106 sperms/ml using 1×TNE buffer (0.01 mol/l Tris-Cl, 0.15 mol/l NaCl, 1mmol/l EDTA, diluted 1: 10 in H 2 O, pH 7.4). Thereafter, a 200-µl aliquot of the diluted sperm suspension was dispensed in a sampling tube suitable for use in a flow cytometer and 400 ml acid detergent solution (20 ml of 2.0N HCl, 4.39 g NaCl, 0.5 ml Triton X-100, H2O to 500 ml, pH adjusted to 1.2 with 5N HCl) was added to it and gently mixed by swirling in the hand for 30 s. Then 1.2 ml AO staining solution (600 µl AO stock solution per 100 ml of staining buffer) was added; AO stains double-stranded (intact) DNA with green fluorescence and single-stranded (damaged) DNA with red fluorescence. The stained sample was placed into the flow cytometer to start sample flow immediately. At 3 min, data acquisition was started by collecting green and red fluorescence from 5000 cells/ sample in list mode. The DNA fragmentation index % (DFI %) was calculated as the ratio between the red fluorescence and the total (red + green) fluorescence.
Statistical analysis:
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0 (v 16; SPSS Inc., Chicago, IL, USA). Qualitative data were described using number and precent. Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level.
RESULTS
This study included 30 infertile, smoker, male patients and 15 controls (non-smokers). The age of the patients ranged from 24 -40 years with a mean value of 30.93± 4.43 years. The age of the control group ranged from 25-38 years with a mean value of 31.87± 4.85 years with no significant difference between both groups.
Twenty six (87%) of the studied patients complained of primary infertility, while only 4 (13%) patients complained of secondary infertility, their wives were suffering from recurrent abortion. In this study 6 (20%) patients were mild smokers, 15 (50%) were moderate smokers and 9 (30%) were heavy smokers according to SI. The duration of smoking in this study ranged from 5-20 years with a mean value of 9.30 ± 3.34 years.
According to guidelines of WHO (14), 24 (80%) of patients showed asthenozoospermia. Although semen volume in the patient group was within normal, it was significantly lower than the control group. There was no statistically significant difference in mean value of sperm count in patients compared to the controls. There was statistically significant decrease in sperm motility in patients compared to control. On the other hand, there was a statistically significant increase in the sperm abnormal forms in patients compared to controls (Table 1 ).
There was a statistically significant negative correlation between SI and semen volume (ml), sperm count (millions/ml) and motility (active progressive%, first hour). On the other hand there was a positive correlation between SI and sperm morphology (abnormal forms) as shown in (Table 2) . So heavy smokers have a lowest semen volume, sperm count and motility with increasing the abnormal forms in contrast to mild and moderate smokers and the controls.
The duration of smoking also affects semen parameters. A statistically significant negative correlation between the duration of smoking and semen volume, sperm counts and motility was found. While there was a statistically significant positive correlation between the duration of smoking and sperm morphology (abnormal forms) ( Table 2) .
Concerning the DNA fragmentation index (DFI), the patients showed a statistically significant increase when compared to the controls. In the patients, the DFI ranged from 25 -38% with a mean value of 31.24 ± 4.74 while in the controls, it ranged from 410%-with mean value of 5.65 ± 1.57 (p-value <0.001*) as illustrated in figures  (1, 2, 3 ). There was a significant positive correlation between DFI and age of patients, smoking index (SI) and duration of smoking (Table 3) . Table ( 3) also showed the correlations between DFI and seminal parameters in smokers. A significant positive correlation was found between DFI and sperm morphology (abnormal forms %). While significant negative correlations could be detected between the DFI and other seminal parameters including: semen volume (ml), sperm count (millions/ ml) and sperm motility (active progressive%, first hour). 
DISCUSSION
The relationship between genomic integrity and male fertility has been the subject of intense research over the past decade. Numerous reports have demonstrated an increase in sperm DNA damage in infertile men. Furthermore, sperm DNA integrity has been shown to be predictive of the time taken to achieve a pregnancy. However, damage to sperm DNA does not necessarily affect fertilization [10, 14] .
The aetiology of sperm DNA damage is multifactorial, including deficient chromatin packing, abortive apoptosis, environmental pollutants and protamine deficiency. Moreover, increased oxidative stress is recognized as one of the main aetiological factors. Sperm are particularly susceptible to damage by excessive levels of ROS, due to their high content of unsaturated fatty acids and relative lack of cytosolic antioxidant protection. The absence of DNA repair mechanisms further exacerbates this effect [15] .
Although DNA repair does occur in developing spermatozoa, this ceases late in spermatogenesis. As a result, ejaculated sperm have no mechanism to repair DNA damage during their transit and storage in the epididymis. Since this damage does not influence fertilization or even the first few stages of embryo cleavage, spermatozoa with damaged DNA still have the potential to reach the oocyte, achieve fertilization leading to a potentially viable embryo. The oocyte has only a limited ability to repair damaged sperm DNA. If such damage is inadequately repaired, it may predispose to increased rates of embryonic failure, pregnancy loss, mutations and thus inherited diseases in the offspring. Indeed, germ cell mutations are recognized to occur much more frequently in the paternal, rather than maternal, germ line, a fact that contributes significantly to the occurrence of inherited diseases [16, 17] .
It has been emphasized that human spermatozoa are particularly susceptible to oxidative stress-induced damage by ROS because their plasma membranes are rich in polyunsaturated fatty acids. The ROS in tobacco smoking induce lipid peroxidation of the sperm plasma membrane; this is considered to be the key mechanism in inducing sperm damage that leads to decreased sperm viability, sperm concentration, sperm motility, and increased morphological defects [18] .
This study was carried out on 30 infertile, smoker, male patients in a trial to assess sperm DNA damage in these patients. Sperm DNA damage was assessed using SCSA by flow cytometer.
In the present study, semen analysis of the studied patients showed that 24 (80%) patients born after ICSI and increased incidence of childhood cancer is well known.
In the current study, 4 (13%) of patients who were heavy smokers, their DFI ranged from 27-33%, their wives were complaining of recurrent abortion at the first trimester that reached in some cases to nine times and most of them were twins. This might have strong evidence that smokers can be fertile but they may suffer from several problems in achieving pregnancy and even congenital malformation can occur.
In the present study, it was demonstrated that sperm DFI is positively correlated with age. These finding were in agreement with previous studies showing that advancing paternal age is linked to sperm chromatin defects. Moskovtsev et al. [24] reported that DFI was significantly higher in men more than 45 years old, with % DFI doubling in those men 45 years and older compared to those less than 30 years old. Singh et al. (25) reported that the percentage of sperm with highly damaged DNA was significantly higher in men aged 36-57 years than in those aged 20-35 years which was supporting to the current results.
The present study showed significant negative correlation between DFI and sperm motility that was in agreement with the study done by Roessner et al. [26] . These findings also corresponded well with another report by La Vignera et al. [27] . A significant positive correlation was found between DFI and sperm morphology (abnormal forms %), significant negative correlation could be detected between the DFI and other seminal parameters including: semen volume (ml) and sperm count (millions/ml) in the current study this meaned that when DFI increased, there is increase in the abnormal forms and a decrease in the count, motility and volume. A significant positive correlations between DFI and both SI and the duration of smoking were observed in the current study. So DFI% increased when there were higher SI and longer duration.
In this study, there was a negative correlation between SI and semen volume (ml), sperm count (millions/ml) and motility (active progressive%, first hour).On the other hand there was a positive correlation between SI and sperm morphology (abnormal forms), so heavy smokers have a lowest semen volume, sperm count and motility with increasing the abnormal forms in contrast to mild and moderate smokers and the controls. These findings matched with studies done by Wang et al. [28] , Mostafa [29] et al Harlev et al. [30] . There was also negative correlation between the duration of smoking and semen volume, sperm counts and motility while a positive correlation between the duration of smoking and sperm morphology (abnormal forms%) was found. had asthenozoospermia and there was statistically significant decrease in sperm motility in patients compared to control. There was no statistically significant difference in mean value of sperm count in patients compared to the controls. On the other hand, there was a statistically significant increase in the sperm abnormal forms in patients compared to controls, and there was statistically significant decreased in semen volume in the patients when compared to control.
The present study showed statistically significant reduction in sperm count and sperm motility in cigarette smokers as compared to non-smokers that was in accordance with a study done by Künzle et al. [19] who evaluated many men attending a fertility clinic; found that cigarette smoking was associated with reductions in sperm concentration, motility and normal morphology as in the present study. Also in a study done by Mehrania in Iran [20] ; decreased sperm concentration was observed in the heavy smokers compared to the non-smokers that were in accordance with the present study. However, Hessa et al. [20] found no correlation between smoking and changes in sperm concentration.
This study showed that the frequency of abnormal morphology increased as the number of tobacco sticks smoked per day increased; putting smokers at a higher risk of developing teratozoospermia. The present study was in agreement with Elshal, et al. [21] who reported that cigarette smoking increases the percentage of morphologically altered spermatozoa. This might be as a result of the presence of toxic chemicals, mutagenic and carcinogenic compounds found in cigarette smoke, which adversely affect sperm morphology.
The current study showed a statistically significant increase in DNA fragmentation index (DFI) in patients compared to controls. This was accordance with that reported by Sepaniak et al who found the spermatozoa of smokers have a significantly higher DNA fragmentation than those of non-smokers. They also found some trend toward lower sperm motility in spermatozoa with DNA fragmentation > 35 % [22] .
In this study, DFI ranged from 25-38% in the patients and all were infertile, while DFI is ranged from 4-10% in the controls. Evenson et al. [23] revealed that if DFI was > 27%, the oocyte DNA repair capacity was exceeded, resulting in progressive loss of chromosomally abnormal embryos, with repeated spontaneous abortion and even longer time to achieve pregnancy. Even with ARTs, the ability to achieve pregnancy by IUI is decreased significantly if DFI is above 30%. ICSI treatment is more likely to result in pregnancy than IVF in such cases. However, increased incidence of congenital malformation among children In sperms, cigarette smoke increases ROS production while decreasing antioxidant capacity leading to DNA damage. The extent of this damage depends of many factors as duration of smoking and SI. Thus accumulation of damaged DNA and loss of DNA integrity has been documented to be the underlying cause of idiopathic cases of infertility, recurrent abortions, congenital malformations and even childhood cancer by induction of genetic and epigenetic changes in the sperm DNA.
CONCLUSION
The current study showed an increase in DFI in smokers when compared to controls. There was a positive correlation between DFI and both SI and duration of smoking. Sperm DNA damage also affect the quality of the ejaculated spermatozoa and may have an impact on their fertility potential. Sperm DNA damage may be a possible etiological factor of smoking associated infertility, repeated abortion, inherited diseases or even increased incidence of cancer in the offspring of these smokers. Further studies on a large number of smokers are needed to clarify the significance of sperm DNA damage in smoking related infertility and to determine the possible underlying mechanisms.
